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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a heating 
resistor having a protecting film of a film thickness of 
1 00-500 &angst; and a high resistance to cavitation 
damage and electrolytic etching and its manufacture. 
SOLUTION: An approximately 7000 &angst; film of a 
double-layer structure of TaSiO is first formed by a thin 
film formation technique, on which an electrode film is 
formed. An electrode pattern of a common electrode 1 8 
and an individual wiring electrode 21 is formed to the 
electrode film by a photolithographic technique, and a 
heating element pattern of a 40 fim x 40 fim heating part 
22 is formed to a resistor film of the double-layer 
structure. An Si/Ta mole ratio of an upper layer 22b of 
the resistor film of the double-layer structure is set 
smaller than an Si/Ta mole ratio of a lower layer 22a. 
The upper layer 22b including much Ta is oxidized with 
heat by annealing (heat treatment) for 1 0 minutes at a 
substrate temperature of 400° C. In consequence, a 
100-500 &angst;autoxidation protecting layer 22b-1 of a 
TaSiO film is formed on the heating part 22. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An exoergic resistor of a thermal ink jet arm head which carries out the regurgitation 
of the ink drop from a nozzle hole which are prepared on a substrate, and an interface with 
supplied ink is made to generate air bubbles by pyrexia, and corresponds to it characterized by 
providing the following [ two or more ] The 1st Ta-Si-0 layer this — a laminating is carried out 
on the 1 st Ta-Si-0 layer — having — this — the 2nd Ta-Si-O layer of a Si/Ta mole ratio 
smaller than a Si/Ta mole ratio of the 1st Ta-Si-0 layer — this — an oxidizing zone formed on 
the 2nd Ta-Si-O layer 

[Claim 2] Said 1st Ta-Si-0 layer is an exoergic resistor according to claim 1 which mole-ratio 
Si/Ta of Si and Ta is "0.47<Si/Ta<0.75" in a presentation, and is characterized by being "25 mol 
%<=O<=40 mol %." 

[Claim 3] Said 2nd Ta-Si-0 layer is an exoergic resistor according to claim 1 or 2 characterized 
by mole-ratio Si/Ta of Si and Ta being "0<Si/Ta<=0.15" in a presentation. 
[Claim 4] Said oxidizing zone is an exoergic resistor according to claim 1 f 2, or 3 characterized 
by thickness being 100A - 500A. 

[Claim 5] A manufacture method of an exoergic resistor of a thermal ink jet arm head 
characterized by providing the following The 1st sputtering production process which forms the 
1st Ta-Si-O layer on a substrate using the 1st target which embedded Si of a predetermined 
amount to Ta board The 2nd sputtering production process which forms the 2nd Ta-Si-O layer 
on said 1st Ta-Si-O layer using the 2nd target which embedded Si of rates fewer than said 1st 
target to Ta board on said 1 st Ta-Si-O layer, and an annealing production process which forms a 
thermal oxidation film in a field used as the exoergic section on said the 2nd Ta-Si-O layer 
[Claim 6] It is the manufacture method of an exoergic resistor according to claim 5 which a 
Si/Ta mole ratio of said 1st target is 1/3, and is characterized by a Si/Ta mole ratio of said 2nd 
target being 1/9. 

[Claim 7] For 1x10 to 6 or less Torrs, and substrate temperature, a degree of vacuum is [ said 
1st and 2nd sputtering production processes both / 150 degrees C - 400 degrees C and 
membrane formation speed ] the manufacture method of an exoergic resistor according to claim 
5 or 6 that it is 15A / min - 40A / min, and is characterized by being carried out in an argon gas 
ambient atmosphere. 

[Claim 8] Said annealing production process is the manufacture method of an exoergic resistor 
according to claim 5, 6, or 7 which are 400 degrees C and heat treatment for 10 minutes, and is 
characterized by being carried out after circuit pattern forming in said exoergic section. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the exoergic resistor 
which has resistance in cavitation damage and an electric corrosion, and generates air bubbles 
with sufficient thermal efficiency. 
[0002] 

[Description of the Prior Art] In recent years, the printer of an ink jet method is used widely. 
There are a thermal jet method which flies an ink drop by the force which air bubbles generate, a 
piezo method which flies an ink drop according to deformation of a piezoresistive element 
(piezoelectric device) in the printer by this ink jet method. 

[0003] According to the production process that these make color-material slack ink an ink drop, 
and it carries out the regurgitation toward the direct recording paper In comparison with the 
electrophotography method using the toner which is powder-like mark material, printing energy is 
low and ends. Since colorization is easy and a printing dot can be made small by mixing of ink, it 
is high definition, and it is the printing method which there is no futility in the amount of the ink 
used for printing, is excellent in cost performance, and is widely used as a printer for personal 
especially for this reason. 

[0004] And the above-mentioned thermal jet method has two kinds of configurations with the 
discharge direction of an ink drop. That is, there are a thing of a configuration of carrying out the 
regurgitation in the direction parallel to the exoergic side of a heater element and a thing of a 
configuration of carrying out the regurgitation in the direction perpendicular to the exoergic side 
of a heater element. 

[0005] drawing 8 (a), (b), and (c) the thing of a configuration of carrying out the regurgitation in 
the direction parallel to the exoergic side of a heater element — it is — this drawing (d), (e), and 
(f) The thing of a configuration of carrying out the regurgitation in the direction perpendicular to 
the exoergic side of a heater element is shown typically, respectively, this drawing (a) Or (d) on a 
silicon substrate 1, a heater element 2 forms so that it may be shown — having — **** — this 
drawing (a) **** — the side of a heater element 2 — this drawing (d) **** — a heater element 
2 is countered and the orifice 4 is formed. The above-mentioned heater element 2 is connected 
to the non-illustrated electrode, and the firm gas of the ink 5 is carried out to the ink passage in 
which the heater element 2 is formed. 

[0006] In order to make an ink drop breathe out from this orifice 4 First, this drawing (b) Or (e) 
By energization according to image information so that it may be shown ** These nucleus air 
bubbles coalesce and the film air bubbles 6 are generated, a heater element 2 is heated and 
nucleus air bubbles are generated on this heater element 2 — making — ** — ** these film air 
bubbles 6 — adiabatic expansion — carrying out — growing up — surrounding ink — push **** 

— thereby, ink 5' extrudes from an orifice 4 — having — this extruded ink 5' — this drawing (c) 
Or (f) It becomes the ink drop 7 and is breathed out towards space from an orifice 4 so that it 
may be shown, then, the film air bubbles with which ** above grew take heat in surrounding ink - 

- having — contracting — ** — just — being alike — film air bubbles disappear and heating of 
the following heater element is stood by. A series of production process ** - ** are performed 
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in an instant. 

[0007] The thing of a configuration of carrying out the regurgitation of the ink drop in the 
direction perpendicular to the exoergic side of the above-mentioned heater element is called the 
roof shooter mold thermal ink jet arm head, and it is known that power consumption will be very 
small and will end. Moreover, there is the method of bundling up two or more heater elements, 
each drive circuit, and an orifice using silicon LSI formation technology and thin film coating 
technology as a process of the thermal ink jet arm head for full color in this format, and forming 
in a monolithic. 

[0008] According to this method, if resolution is the print head of 360dpi (dots per inch) at a 
substrate with a width of face of about 10mm, for example, 128 heater elements, drive circuits, 
and orifices will be formed, and if it is the case where resolution is 720dpi, 256 heater elements, 
drive circuits, and orifices will be formed. 

[0009] By the way. the film-boiling phenomenon is used for above production process **-**. It 
is based on how for the film-boiling phenomenon in which it is used for a thermal ink jet arm 
head "to raise, rapidly the skin temperature of the body which touches a liquid" for the latter, 
although a film-boiling phenomenon is discovered when the body heated by the elevated 
temperature like quenching of iron was soaked into the liquid, and when the skin temperature of 
the body which touches a liquid is raised rapidly. In this film-boiling phenomenon, the 
phenomenon of occurring when the air bubbles generated in the above-mentioned liquid 
disappear is called cavitation. 

[0010] Drawing 9 (a) and (b) It is drawing showing typically growth of the air bubbles concerning 
the regurgitation of the above-mentioned ink drop, and the process of disappearance. This 
drawing (a) The growth of air bubbles and the process of disappearance by this are indicated to 
be the heating element 2 experimentally set as the opening pool 8 with a depth of 1 mm 
(millimeter) for every microsecond till 0-6 microseconds (microsecond). Moreover, this drawing 
(b) The energization timing to a heating element 2 is shown. 

[001 1] This drawing (a) While the heating element 2 was heated in 0 - 1 microsecond, and 
nucleus air bubbles grew in 1 - 2 microseconds and continuing [ from 2 microseconds ] till 3 
microseconds so that it might be shown, the air bubbles which carry out the regurgitation of the 
ink drop were generated, and in 3 microseconds, contraction of the air bubbles has already 
started. And the cavitation accompanied by negative pressure occurs like for the arrow head a-1 
of this drawing, a-2 t and a-3 to show until air bubbles disappear in 6 microseconds. 
[0012] And the destructive power by this cavitation works as force which is going to tear off a 
heating element 2 from an installation side. In the case of an opening pool with an above- 
mentioned depth of 1mm, the impulse force is 1000 ton/cm2. It is said that it reaches. 
[0013] Although the area of the heater element of a thermal ink jet arm head is 
40micrometerx40micrometer about, if it converts by this surface ratio, that impulse force will 
become a value of about 16kg (kilogram). And in order to prevent generating of this cavitation 
damage, preparing a cavitation damage prevention layer in a heater element side is performed as 
a general method. 

[0014] Drawin g 10 is drawing showing such a conventional heater element typically. As shown in 
this drawing, it is inserted into common electrode 9a and individual wiring electrode 9b, and the 
heater element 2 (exoergic section of Ta-Si-0 layer 2a) is formed in Ta-Si-0 layer 2a formed 
on the non-illustrated silicon substrate. On this heater element 2, autooxidation film 2b as a 
cavitation damage prevention layer is formed. 

[0015] By the way, the thermal ink jet arm head mentioned above is formed on a silicon 
substrate at a monolithic, and the magnitude of a heater element is 40micrometerx40micrometer 
about. The autooxidation film by thermal oxidation is formed in besides. The thickness of this 
autooxidation film is dozens of A. In the case of monolithic structure, there is a limit of being 
about 400 degrees C in heating temperature, heating temperature cannot be raised any more, 
and the above-mentioned thickness cannot be thickened. 
[0016] 

[Problem(s) to be Solved by the Invention] However, if it is got blocked and is going to 
manufacture the low thermal ink jet arm head of a damage incidence rate, the more reliable thing 
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the protective coat of thickness at least 100A or more is [ the thing ] needed will have become 
clear. Therefore, by the above-mentioned autooxidation film, it had the problem that thickness 
was too thin. 

[0017] For this reason, the protective coat of dedication needed to be formed not using an 
autooxidation film but using other proper materials. As a protective coat material of such 
dedication, silicon oxide (Si02), a magnesium oxide (MgO), an aluminum oxide (AI03), tantalum 
oxide (TaO), zirconium oxide (GrO), etc. are known. 

[0018] By the way, it does not say that what is necessary is just thick, if too thick, the exoergic 
effectiveness for gassing of a heater element will fall, energy loss becomes large, and the 
protective coat is very uneconomical. Therefore, although it is desirable that it is 500A or less 
even if thick, there is nothing that is equal to use as a protective coat in thickness 500A or less 
practically in the above-mentioned protective coat material. Moreover, a report is not made, 
either, although it is otherwise equal to use as a protective coat by thickness 500A or less. 
[0019] The technical problem of this invention is offering the exoergic resistor equipped with the 
protective coat which has resistance strong against cavitation damage and an electric corrosion 
by 100A or more thickness 500A or less, and its manufacture method in view of the above- 
mentioned conventional actual condition. 
[0020] 

[Means for Solving the Problem] First, two or more exoergic resistors of invention according to 
claim 1 are prepared on a substrate. It is the exoergic resistor of a thermal ink jet arm head 
which carries out the regurgitation of the ink drop from a nozzle hole which an interface with 
supplied ink is made to generate air bubbles by pyrexia, and corresponds to it. The 1st Ta-Si-O 
layer, this — a laminating is carried out on the 1st Ta-Si-0 layer — having — this — the 2nd 
Ta-Si-0 layer of a Si/Ta mole ratio smaller than a Si/Ta mole ratio of the 1st Ta-Si-O layer — 
this — it has an oxidizing zone formed on the 2nd Ta-Si-0 layer, and is constituted. 
[0021] For example, a thing [ constituting a Ta-Si-O layer of the above 1st like, so that mole- 
ratio Si/Ta of Si and Ta may be "0.47<Si/Ta<0.75" in a presentation and it may be "25 mol % 
<=O<=40 mol %" ] according to claim 2 is desirable. Moreover, a thing [ constituting a Ta-Si-O 
layer of the above 2nd in a presentation, like, so that mole-ratio Si/Ta of Si and Ta may be 
"0<Si/Ta<=0.15" ] according to claim 3 is desirable, for example. Moreover, like for example, 
claim 4 publication, the above-mentioned oxidizing zone is constituted so that thickness may be 
100A - 500A. 

[0022] Next, a manufacture method of an exoergic resistor according to claim 5 The 1st 
sputtering production process which forms the 1st Ta-Si-O layer on a substrate using the 1st 
target which is the manufacture method of an exoergic resistor of a thermal ink jet arm head, 
and embedded Si of a predetermined amount to Ta board, The 2nd sputtering production process 
which forms the 2nd Ta-Si-0 layer on a Ta-Si-O layer of the above 1st using the 2nd target 
which embedded Si of rates fewer than the 1 st target of the above to Ta board on a Ta-Si-O 
layer of the above 1st, It grows into a field used as the exoergic section on a Ta-Si-O layer of 
the above 2nd including an annealing production process which forms a thermal oxidation film. 
[0023] And a Si/Ta mole ratio of the 1st target of the above is 1/3, and a thing [ that it is 1/9 ] 
according to claim 6 of a Si/Ta mole ratio of the 2nd target of the above is [ like ] desirable, for 
example. Moreover, like for example, claim 7 publication, for a degree of vacuum, 1x10 to 6 or 
less Torrs and substrate temperature are [ 1 50 degrees C - 400 degrees C and membrane 
formation speed ] 15A / min - 40A / min, and the above 1st and the 2nd sputtering production 
process are both made to be performed in an argon gas ambient atmosphere. Moreover, it is 400 
degrees C and heat treatment for 10 minutes, and a thing [ carrying out after circuit pattern 
forming in the above-mentioned exoergic section ] according to claim 8 of the above-mentioned 
annealing production process is [ like ] desirable, for example. 

[0024] A heater element equipped with a protective layer which generates air bubbles with 
sufficient energy efficiency by this, and can receive neither cavitation damage nor an electric 
corrosion easily is realized. 
[0025] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
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referring to a drawing. 'Drawing 1 (a) It is drawing in the gestalt of 1 operation showing a full color 
thermal ink jet arm head (only henceforth a color arm head), and is this drawing (b). It is drawing 
showing the condition of having formed a majority of the color arm heads on the silicon wafer. 
This drawing (a) The shown color arm head 10 consists of configurations by which four single 
arm heads 12 (12a, 12b, 12c, 1 2d) have been arranged together with a little big substrate 1 1 top. 
[0026] The nozzle train 13 of one train which consists of many nozzles (orifice) is formed in the 
orifice plate 14, and the nozzle train 13 of four trains is formed in each above-mentioned single 
arm head 12 as the color head 10 whole. These nozzle trains 13 are constituted so that the 
regurgitation of the ink of the black (Bk) sole possession of is taken in order by the left for 
example, from the method of the right at a part for Kurobe of the ink and the alphabetic 
character of three colors of the yellow (Y) which is subtractive primary colors, a Magenta (M), 
and cyanogen (C), or an image may be carried out, respectively. 

[0027] Such a color arm head 10 can equip the chip of outline 8.5mmx1 9.0mm magnitude with 
128 nozzle x4 train =640 nozzle, if it is the case where resolution is 360dpi, and if it is the case 
where resolution is 720dpi, it can form 256 nozzle x4 train =1280 nozzle in the chip of 
8.5mmx1 9.0mm magnitude mostly. 

[0028] And this drawing (b) Such a color head substrate is divided with a scribe line on the 
silicon wafer 15 of one sheet, a large number (for example, 90 or more pieces) formation is 
carried out, and it passes through the manufacturing process mentioned later so that it may be 
shown, and it is this drawing (a). After completing so that it may be shown, it is separately 
started from a silicon wafer 15. 

[0029] Drawi ng 2 (a) It is drawing showing the production process of the beginning of the 
manufacturing process of the above-mentioned color arm head 10, and a plan is shown in an 
upper case, A-A' cross-section view drawing of an upper case is shown in the middle, and B-B' 
cross-section view drawing of an upper case is shown in the lower berth. Moreover, drawing 2 
(b) Drawing 2 (a) The part which shows the continuing production process and is shown in the 
upper case, the middle, and the lower berth is drawing 2 (a). The part shown in an upper case, 
the middle, and the lower berth is supported. And drawin g 2 (c) It is drawing showing the last 
production process, and is drawing 1 (a) to an upper case. It is expanded and shown. The part 
besides shown in a stage list at the middle and the lower berth is drawin g 2 (a). It is a part 
corresponding to an upper case, the middle, and the lower berth, in addition, these drawing 2 (a), 
(b), and (c) **** — when illustrating, 128 pieces or 256 heater elements, and an orifice are 
represented with five heater elements and an orifice for convenience, and it is shown. 
[0030] The following, drawing 2 (a), (b), and (c) The manufacture method of the color arm head 
10 is previously explained from the fundamental manufacture method, referring to. First, as a 
production process 1, while forming a drive circuit and its terminal in each substrate divided on 
the silicon wafer 4 inches or more by LSI formation processing, a passivation film with a 
thickness of 1-2 micrometers is formed, and while performing contact drilling to the above- 
mentioned terminal after this, the passivation film of a unnecessary portion is removed. 
[0031] Next, the exoergic resistance film for forming the heater element which consists of Ta- 
Si-O, using thin film coating technology, such as sputtering technology, as a production process 
2 is formed by the thickness of 4000A, and the electrode layer for forming a common electrode 
and an individual wiring electrode is formed. As for this electrode layer, it is desirable to consider 
as the multilayer structure which carried out the laminating of the electrode layer by Au to the 
barrier metal film which consists of W-aluminum (or W-Ti, W-Si) etc. and HOTORISO technology 

— an electrode layer — the pattern of a wiring (case where barrier metal film is formed — the 
barrier metal film) portion — forming — an exoergic resistance film — about 40 [ for example, ] 

— the outcrop of a micrometerx40micrometer square is formed. Thereby, the pattern of a 
detailed heater element (exoergic section) is formed. 

[0032] Drawing 2 (a) The condition immediately after completing an above-mentioned production 
process 1 and an above-mentioned production process 2 is shown. That is, on a substrate 11, 
the drive circuit 16 and its terminal 17 (refer to drawin g 1 (a)) are formed, and the common 
electrode 18 (18a, 18b), the common electrode electric supply terminal 19 (refer to drawin g 1 
(a)), the individual wiring electrode 21, and many heater elements 22 are formed further. 
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[0033] Then, the septum member which consists of organic materials, such as photosensitive 
polyimide, that the ink way corresponding to each heater element 22 should be formed as a 
production process 3 is formed in a height of about 20 micrometers by coating. After patternizing 
this, the cure (desiccation hardening, baking) which applies 300 degrees C - 400 degrees C heat 
is performed, and the septum by the above-mentioned photosensitive polyimide with a height 
[ after a cure ] of 10 micrometers is formed on a substrate 1 1, and it is made to fix by the case 
for 2 hours for 30 minutes to 60 minutes. 

[0034] Furthermore, as a production process 4, a groove ink supply way is formed in the field of 
the above-mentioned substrate 1 1 by wet etching or the sandblasting method, and the ink feed 
hole which opens for free passage on this ink supply way further, and carries out a opening to an 
inferior surface of tongue is formed. 

[0035] Drawin g 2 (b) The condition immediately after completing an above-mentioned production 
process 3 and an above-mentioned production process 4 is shown. That is, groove ink supply 
way 23 and tubed ink feed hole 24 are formed, and the septum 25 (25, 25-1, 25-2) is formed 
between common electrode 18 (18a) portion located in the left-hand side of the ink supply way 
23, the portion in which the individual wiring electrode 21 of the method of the right is arranged, 
and each heater element 22. As for this septum 25, the configuration in which the portion 25-2 
into which the portion 25-1 on the individual wiring electrode 21 begins to be extended between 
the drum of a comb, then each heater element 22 is equivalent to the gear tooth of a comb is 
made. 

[0036] Thereby, the detailed individual ink way where a heater element 22 is located in the root 
portion between that gear tooth and gear tooth is formed only for the number of heater elements 
22 by using the gear tooth of this comb as a bridgewall. By changing the length of the gear tooth 
of this comb, the conductance to which ink circulates changes and also influences interference 
between the ink which flows an adjoining individual ink way. 

[0037] Then, as a production process 5, the coating of the thermoplastic polyimide as adhesives 
is carried out to 2-5 micrometers in thickness ultra-thin at that one side, the orifice plate of a 
film with a thickness of 10-30 micrometers it is thin from polyimide is stuck on the maximum 
upper layer of the above-mentioned laminated structure, the ink way formed by the septum 25 is 
covered, and this forms a detailed individual ink way and a common ink way. And it pressurizes 
heating at 200-300 degrees C, and an orifice plate is made to fix. Then, a metal membrane with a 
thickness [, such as nickel, Cu, or aluminum, ] of about 0.5-1 micrometer is formed in the orifice 
plate surface. 

[0038] Furthermore, as a production process 6, the metal membrane on an orifice plate is 
patternized, and the mask for etching polyimide alternatively is formed, then it passes through an 
orifice plate, drilling of 40 micrometers phi-20 micrometerphi is carried out according to the 
above-mentioned metal membrane mask by a recon wave etching system etc., and package 
formation of many nozzle holes (orifice) is carried out. 

[0039] Drawing 2 (c) The condition immediately after completing an above-mentioned production 
process 5 and an above-mentioned production process 6 is shown. The orifice plate 14 by which 
coating was carried out to one side in thermoplastic polyimide 26 covers all the fields except the 
drive circuit terminal 17 and the common electrode electric supply terminal 19 in the maximum 
upper layer of a substrate 1 1, and a laminating is carried out to it. Namely, by this The ink way 
mentioned above has a top covered, the individual ink way 28 of the shape of a pit of the height 
corresponding to 10 micrometers in thickness of a septum 25 is formed, and the common ink 
way 29 with a height of 10 micrometers which makes this individual ink way 28 and the ink supply 
way 23 mentioned above open for free passage is formed. 

[0040] And a metal membrane 31 is formed in the upper surface, and the nozzle hole 32 for ink 
regurgitation (orifice) is formed in the portion corresponding to a heater element 22 of dry 
etching at the orifice plate 14. Thus, the single arm head 12 equipped with the nozzle hole 32 of 
one train is created, these [ four ] are formed successively, and it is drawing 1 (a). The shown 
full color thermal ink jet arm head (color arm head) 10 is completed on a silicon wafer 15 (refer 
to drawin g 1 (b)). 

[0041] In addition, the selection ratio of resin and a metal membrane is obtained about 100 
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outline because the metal membrane for the above-mentioned masks uses nickel, Cu, or 
aluminum. Therefore, it is enough for the dry etching of a 20-40-micrometer polyimide film to 
form a mask by the metal membrane 1 micrometer or less. 

[0042] Thus, according to the manufacture method mentioned above, it is possible to constitute 
in a monolithic the color arm head 10 which consists of a single arm head of four trains, and it 
can also arrange the physical relationship of each train correctly by the manufacturing 
technology of today's semiconductor. 

[0043] So far, it is processed in the state of a wafer. And a dicing saw etc. is used, finally, and it 
divides according to an individual for every unit, and dice bonding is carried out to a mounting 
substrate, terminal strapping is carried out to it, and the color arm head 10 of a practical unit is 
completed. [ as a production process 7 ] [ along a scribe line ] 

[0044] On the occasion of printing, each heater element 22 energizes this color arm head 10 
alternatively according to printing information, it generates heat in an instant, a film-boiling 
phenomenon is generated, and an ink drop is breathed out from the nozzle hole 32 corresponding 
to that heater element 22. With such a thermal ink jet arm head, an ink drop is breathed out in 
the abbreviation globular form of the magnitude corresponding to the path of a nozzle hole, on 
space, serves as magnitude of a twice as many diameter as ****, and is printed. 
[0045] By the way, although the fundamental manufacture method was explained in the 
manufacturing process of the color arm head 10 mentioned above, in addition to the above- 
mentioned fundamental manufacture method, special creativity is put on formation of a heater 
element 22 as a feature in the gestalt of this operation. And while generating air bubbles with 
sufficient energy efficiency, he is trying to obtain a heater element with resistance strong 
against cavitation damage or an electric corrosion by this device. Hereafter, this is explained. 
[0046] Drawing 3 is drawing showing typically the configuration of the heater element 22 formed 
in the production process 2 which manufactures the color arm head 10 in the gestalt of this 
operation, in addition — this drawing — drawing 2 (a), (b), and (c) it can refer to — as — 
drawing 2 (a), (b), and (c) the same portion as the shown configuration — drawing 2 (a), (b), and 
(c) The same number is given and shown. 

[0047] In manufacture of the thermal ink jet arm head (color arm head) in the gestalt of this 
operation, by the production process 2 first mentioned above, as shown in dr awin g 3 , a resistor 
film with a thickness of about 7000A it is thin from Ta-Si-O with thin film coating technology is 
formed with two-layer structure. Furthermore, an electrode layer is formed on this, by 
HOTORISO technology, the electrode pattern of the common electrode 18 and the individual 
wiring electrode 21 is formed in an electrode layer, and the heater element pattern of the 
40micrometerx40micrometer exoergic section 22 is formed in the resistor film of two-layer 
structure. 

[0048] By Ta-Si-O layer 22a (1st Ta-Si-O layer) of the lower part of the resistor film of the 
above-mentioned two-layer structure, and upside Ta-Si-O layer 22b (2nd Ta-Si-O layer), the 
rate of Si is formed few rather than lower Ta-Si-O layer 22a for the upside Ta-Si-O layer 22b. 
that is, if the mole ratio of Ta and Si is expressed as Ta/Si (the following — the same), it is 
"Ta/Siof up layer" > "Ta/Si of a lower layer." 

[0049] In order to make this structure form, therefore, it is in the following method. SUBATTA 
equipment is used. Namely, lower 1st layer 22a The target which embedded Si of a 
predetermined amount to Ta board is used (it is Ta:Si=3:1 at a mole ratio). After exhausting the 
inside of a vacuum layer to 1x10 to 6 or less Torrs, specified quantity installation of the argon 
gas is carried out. 400 degrees C of substrate temperature are preferably made into about 200 
degrees C from 150 degrees C Membrane formation speed From 15A / min to 40A / min After 
forming membranes slowly from usual in thickness of about 3600A as about 20A / min 
preferably, upside 2nd layer 22b Using another target (it is Ta:Si=9:1 at a mole ratio) on 1st layer 
22a, the above-mentioned membrane formation is followed and a film with few rates of Si than 
the film of 1st layer 22a is formed in thickness of about 3400A on 1st layer 22a and these 
conditions. In addition, in this production process, the presentation of the Ta-Si-O film obtained 
can be changed by changing sputtering power. Wiring Bataan is formed next. 
[0050] Thus, the rate of Si forms few films with many rates of Ta rather than lower layer 22a as 
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up layer 22b, and, next, it is made to oxidize thermally by performing annealing for 10 minutes 
(heat treatment) at 400 degrees C. Of this thermal oxidation, autooxidation protective layer 22b- 
1 of a TaSiO film is formed on the exoergic section 22 by 100A or more thickness of 500A or 
less. In addition, at the above-mentioned annealing production process, since the presentation 
ratio of Ta of up layer 22b is large, if even the annealing temperature of about 200 degrees C 
spends many hours more than for 10 minutes, the oxide film of sufficient thickness will be 
obtained. 

[0051] Generally, although the oxide film of Ta-Si-O showed resistance strong against cavitation 
damage or an electric corrosion even if it was thin, as shown in dr awi ng 10 , it was that in which 
the dissatisfaction remains on the reliability as a thermal ink jet arm head. 

[0052] However, even if it considers that the reliability as a thermal ink jet arm head is 100A or 
more in thickness as mentioned above, it can be said that the resistance to cavitation damage 
and an electric corrosion is enough. Moreover, a lower layer only differs in the content ratio of Si 
from the 2nd layer, since it is the respectively same Ta-Si-O layer, it excels in adhesion, and 
after [ most ] membrane formation can be unified and a good condition can be maintained in 
respect of thermal efficiency etc. as the exoergic section 22 also in this point. 
[0053] In this case, although its resistivity is small since portions other than the autooxidation 
film of an up layer have the large content of Ta, and pyrexia sufficient by just this is not 
acquired, since the Ta-Si-O layer with large resistivity is allotted to the lower layer in this 
invention, pyrexia sufficient as the whole exoergic resistance film is acquired. 
[0054] Drawing 4 (a) and (b) In order to investigate change of the chemical bond condition before 
and behind heat treatment (annealing) of a Ta-Si-O film, it is drawing showing the result of 
having measured the surface condition by X-ray photoelectron spectroscopy (ESCA). Heat 
treatment is for [ 400 degrees-C ] 10 minutes. This drawing (a) BAINDENGU energy is shown on 
those with measurement data before heat treatment, and a horizontal axis from "34" to "20", 
and measurement counted value is shown on the axis of ordinate on "0" to "10000." And this 
drawing (b) It is the measurement data after heat treatment, and BAINDENGU energy is shown 
on a horizontal axis from "34" to "20" like the above, and measurement counted value is shown 
on the axis of ordinate on "0" to "14000." 

[0055] This drawing (a) Before heat treatment, 4f peak of Ta simple substance and 4f peak which 
shows association equivalent to Ta 205 are observed so that it may be shown. And this drawing 
(b) After heat treatment disappears so that it may be shown, and 4f peak of Ta simple substance 
is Ta 205. It has checked that the reinforcement of 4f peak which shows-like association was 
stronger than 4f peak before heat treatment (a thick continuous line shows to this drawing (b)). 
[0056] Drawin g 5 (a) and (b) In order to investigate change of the chemical bond condition before 
and behind heat treatment of a Ta-Si-O film like the above, it is drawing showing the result of 
having measured the surface condition by X-ray photoelectron spectroscopy (ESCA). This 
drawing (a) BAINDENGU energy is shown on those with measurement data before heat 
treatment, and a horizontal axis from "1 10" to "94", and measurement counted value is shown 
on the axis of ordinate on "0" to "5000." And this drawing (b) It is the measurement data after 
heat treatment, and BAINDENGU energy is shown on a horizontal axis from "110" to "94" like 
the above, and measurement counted value is shown on the axis of ordinate on "0" to "6000." 
[0057] This drawing (a) Before heat treatment, it is shown that the signals from 2P orbit of Si 
are Ta-Si, TaSiOx, and SiOx so that it may be shown, and this drawing (b) it is shown — as — 
after heat treatment — the peak of Si — setting — Si02 etc. — association equivalent to a 
good insulating oxide film was not formed, but it has checked seldom changing. 
[0058] As mentioned above, it is thought that oxidation with a Ta-Si-O film advances focusing 
on the surroundings of Ta atom. Therefore, if Ta forms abundant films, it will be expected that 
thermal oxidation advances more. Therefore, the membrane formation experiment to which the 
rate of Si/Ta was changed was conducted. 

[0059] Drawing 6 is the chart showing the resistivity (momegacm) the annealing front by the 
sample (Ta-Si-O film) which is five kinds from which the presentation of Ta-Si-O differs, and 
after annealing. This drawing shows the presentation before annealing of the sample of sample 
numbers and these sample numbers (Ta, Si, and O comparatively mol %), the resistivity in front of 
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annealing and the resistivity (momegacm) after annealing, membrane formation equipment ID, 
analytical method, and a Si/Ta mole ratio. 

[0060] Formation of the film of sample numbers 1 and 2 used usual DC SUBATTA ring 
r equipment. A [ this equipment ] is written in the table. What embedded Si of a predetermined 

amount to Ta board was used for the target. After exhausting the inside of a vacuum layer to 
. 1x10 to 6 or less Torrs, specified quantity installation of the argon gas was carried out, and 

SUBATTA was performed. Substrate temperature is about 200 degrees C f and membrane 

formation speed is about 20A / min. Presentation change was performed by changing spatter 

power. 

[0061] Moreover, formation of the film shown in sample numbers 3, 4, and 5 used DC ignition- 
magneto RONSUBATTA ring equipment. B [ this equipment ] is written in the table. What put Si 
tip of a predetermined amount on Ta board was used for the target. Substrate temperature is a 
result and membrane formation speed is about 100A / min. Presentation change was performed 
by changing the rate of Si in a target. 

[0062] The thickness of the oxide film of the sample of sample numbers 1 and 2 was about 50A 
after the annealing treatment after membrane formation, and it was the scaling film of thickness 
equivalent to the conventional thing. Moreover, measurement of 4 probe sheet resistance is 
possible also even for after annealing, and it became clear that it was not a good oxide film from 
this point, either. 

[0063] The sample of a sample number 3 is the target of Ta simple substance. It is crystallizing 
and Ta differs from other films which used TaSi as the target. Since it is thought of with since it 
is amorphous that a TaSiO film shows good resistance to cavitation damage, the sample of this 
sample number 3 is excepted. Except this sample, it was before and after annealing and was 
altogether amorphous. 

[0064] And measurement of 4 probe sheet resistance is impossible also even for after annealing, 
and, as for the film of sample numbers 4 and 5, it became clear that it was a good oxide film. 
Drawing 7 is drawing showing the analysis result of the depth direction of the Auger 
photoelectron spectroscopy of the sample of the above-mentioned sample number 4. This 
drawing expresses sputtering time amount with a horizontal axis per part, and expresses the 
concentration of a film presentation to the axis of ordinate. From this drawing, it becomes clear 
that the oxide film with a thickness of about 200A is formed. Moreover, in the experiment, it has 
become clear by making the rate of Ta increase that it is possible to make thickness increase. 
[0065] 

[Effect of the Invention] Since the exoergic resistor film which consists of Ta-Si-O for forming 
the exoergic section is made into the two-layer structure of a lower layer and an up layer with 
the presentation ratio of Si smaller than it according to this invention as explained to details 
above It becomes possible to create a thermal ink jet arm head with the high reliability equipped 
with the exoergic resistance film which can form in the thickness of 100A or more the oxide film 
formed in the Ta-Si-0 film of a management by heat treatment, therefore has resistance strong 
against cavitation damage and an electric corrosion. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] (a) Drawing and (b) which show the full color thermal ink jet arm head in the gestalt 
of ** 1 operation It is drawing showing the condition of having formed a majority of the 
substrates (chip) on the silicon wafer. 

[ Drawin g 2] (a) The plan showing the production process of the beginning of ** thermal ink jet 
head manufacture, a cross section, and (b) The plan showing the following production process, a 
cross section, and (c) It is the plan and cross section showing the last production process. 
[Drawing 3] It is drawing showing typically the configuration of the heater element formed in the 
thermal ink jet arm head in the gestalt of this operation. 

[Drawing 4] (a) and (b) It is drawing (the 1) showing the result of having measured change of the 
chemical bond condition before and behind heat treatment of a Ta-Si-0 film by X-ray 
photoelectron spectroscopy (ESCA). 

[Drawing 5] (a) and (b) It is drawing (the 2) showing the result of having measured change of the 
chemical bond condition before and behind heat treatment of a Ta-Si-O film by X-ray 
photoelectron spectroscopy (ESCA). 

[ Drawin g 6] It is the chart showing the resistivity (momegacm) the annealing front by the sample 
(Ta-Si-0 film) which is five kinds from which the presentation of Ta-Si-0 differs, and after 
annealing. 

[Drawing 7] It is drawing showing the analysis result of the depth direction of the Auger 
photoelectron spectroscopy of the sample of a sample number 4. 

[ Drawin g 8] (a), (b), and (c) Drawing showing the configuration which carries out the regurgitation 
in the direction parallel to the exoergic side of the heater element of an ink jet arm head, (d), (e), 
and (f) It is drawing showing the thing of a configuration of carrying out the regurgitation in the 
direction perpendicular to the exoergic side of a heater element. 

[Drawin g 9] (a) and (b) It is drawing showing typically growth of the cavitation air bubbles 

concerning the regurgitation of an ink drop, and the process of disappearance. 

[ Drawing 10] It is drawing showing typically an oxide-film layer with the conventional thin heater 

element. 

[Description of Notations] 

1 Silicon Substrate 

2 Heater Element (Heating Element) 
2a Ta-Si-O layer 

2b Autooxidation film 

3 Orifice Plate 

4 Orifice 

5 Ink 

5 f Extruded ink 

6 Film Air Bubbles 

7 Ink Drop 

8 Opening Pool 

9a Common electrode 
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9b Individual wiring electrode 

10 Thermal Ink Jet Arm Head in Gestalt of 1 Operation 

1 1 Substrate (Chip) 

12 (12a, 12b, 12c, 1 2d) Mono-color arm head 

13 Nozzle Train 

14 Orifice Plate 

15 Silicon Wafer 

16 Drive Circuit 

17 Terminal 

18 (18a, 18b) Common electrode 

19 Common Electrode Electric Supply Terminal 

21 Individual Wiring Electrode 

22 Heater Element 

23 Ink Supply Way 

24 Ink Feed Hole 

25 (25, 25-1, 25-2) Septum 

26 Thermoplastic Polyimide 

28 Individual Ink Way 

29 Common Ink Way 

31 Metal Membrane 

32 Nozzle Hole (Orifice) 



[Translation done.] 
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T> (C) CD3feCD^>^R^^@j{^Ma55>W:^ 
mZtiZ-J^vZ (Bk) (D-O^Sr^tttH-rSJ:^ 

[oo2 7] c<D<t^tt^^-^^ f i o«. mmm& 

3 6 0dp \<O^Xhtl\t, SWS8. 5mmxi9. 
OmnKDA^^? 1 *;> 7'&t % 1 2 8 -/ X;bx 4?iJ= 6 4 

2 0 d p i 0ii6t*nB, tete8. 5mmXl9. 0 
mm0A^?©^^ ^*tc2 5 6 ^X;l/X4?iJ= 12 8 0 

[0028] * [H]S(b) tC^*T<fc^CC, t<D<*:*> 

cc, ^^^-f^^oxmm^txx. ^« (m«9o 

flMJLb) JfrSSti, «jfir'-5«iftXa*«THIiaCa) CC 
[0029]i2(a)«. ±SE©*^-^^ F 1 0<Dm 

^m<omw<oiM*7v& mx$> v % ±&tc¥mm*^ 
u *stc±s<oA-A' Kffi^aa**u. rscc± 

20 gcDB-B' Kffi*«H*^Urc»4. H2(b) 
«, H2(a) CCJBt<xe*7SU-C*$0, *<D_bffi!. 

sc/TiaccTSsn^aptWi. S2ca) ©±®. 
T««:*"r«Wft«:»Jturi»*. ^ut, B2(o tt, 

*5. (Sj, cne>©H2(a),(b),(c) Kite, ^jrT3_h 
-C<DffiS[±, 1 2 8 fflXte 2 5 6 fflCD^S^&Cf^ »; 

30 ^LW^o 

[0 03 0)«T> B 2 (a) ,00,(O *#ML«c*S6. 
*7 — ^ F 1 0<D«jfi*?S*. »*tt«ctti*tt*>6 
5ttclttlB*r 4o 5feT\ IS 1 £ l/t, 4 A >*&L±<Ois 

[0 03 1 ] *«c % I12iUt, X^9*y>ya* 
40 tttfflDWWBJaEBffllfiffit^r, Ta-S i -0*>6ttS 
«»«^*»JSSr 4fc»©^»!««r4 0 0 0 A©f 

wait, A9*«&«tE«mE«i$JAr«fe8bo 
mw**iarr*. c©iwjj, w-a i (x«w- 

T i , W-Si) fti**>6tti^<yr^^^«CC, Au 

i^o tit. * h u ytt»cc<tor«ffiB!«: (^vrs 
* &mmm $ nt c >4 a^te t y r ^ ) 

C3f40//mX40/i mOjE^OStBWiJBJiEr C 
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[ 0 0 3 2 ] H 2 (a) tt % ±fB<E>Xfi 1 &t>*X*I 2 

wmmMm 1 6 i*<D*s-r- 1 7 <h 1 w #jh> ^ 

fiJESti, Mtc^ii«fii 1 8 ( 1 8 a, 18b), 
M^mS^F 19 (HI (a) #88) . fl]»eflMt&2 1 , 
^SCgBfftSH 1 2 2 JftS Shtt^o 

2&tt&?zj>?&*m&?^<mjm# t )4 s pa 

32 0/2mgKK:JBJ&U Cti*^*->^tL/*:8HC, 
3 0#-6 il^tCJCor 2H$mL 3 0 0 s C-4 0 

[0034] HCC X14ilt, hi^>^ 

ait utskkjpt * > ^sp&sitl* mm? 

[ 0 0 3 5 ] ^2 Cb) tt % ±SB©nS3 2StVXS4*J* 

-t>*«*&B2 3CD*{i>jK:fig*r€)Siim® i 8 (is 

a) gp^i, «*©ffl«9E«Kffi2 l*SER34rar>£ 
tm. Rtf*»*W*2 2l«^ PiM2 5 (2 5, 2 5 
-K 2 5- 2)^M?ntl^ fl COPBS2 5«. 
BJ5!lE»m&2 1±QSP#2 5 - 1 i«<omt?ti\t, 

zmm* 2 2 laccfflofffl-rfflj^ 25-2 «®cD*^tB 

[0036] C*UC<fc^ C©«<0**ft«J9SiL 
t, *©«&«©IB<D«»«a^6C«|(«^2 2^B 

yzs&zmm? z<t> ^rsco^mctmm? z>. 

[0 03 7 ] C<DSL I«5iUt,.#'H2 F*6ft 
1 0-3 0 Mm(07 -f 'J7 ^ Xfi*. * 

0>tBecSNBB4 LTOjftpjatt^U -r ^ F«BJttcffl 
2-5 tfm«:3-f>^U _biEISB#it<D* 
JdlfcSKQttttT, PBS 2 5te<fc^TJBJ&SJafc-f>* 
BCC££U ctitCcfcO. »Mftffl8N>^Bi*il^ 
>^B*JKJ5ET4. 2 0 0-3 0 0^11011/ 

'J^^g^itCNi, CuX»A14i*©I3 0. 5 

[0 03 8 ] HK, Ig6£OT. ?W 4 Xfc<D±<D 

y 3 v ^> £ Ct <fc 0 JhfE<D£JiiJgv X 
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»©-/Xfr?L Z-imm?*. 
[0 03 9]i2(c) ±IS<DXH bRVZM 6 ifife 

^iiJlOC, M-B«c(MHISBtt#y £ F2 6£n-^>^ 
Sftfc:* >J7^S1 4#, HlbEiBtt?- 1 7S0^a 

«S 1 0 ^ m^»l£T^WS©tn:«©ffl)8ll-< >^B2 8 
10 S&3§2 3 1 0 ^m(D*ai^>*&82 

[0 040]^ UT, *'J7^«1 4 tCtt. ^<£>±® 

(C^RR3 UWBttSft, «KBR : f-2 2«c»«rr*»» 

tiCjiszvttmmosxfrii (*y7^) 32^h*7^ 

x**>^fc«fcoT»JiRSftTl»*. C<D<£5K:. 1?'J 
(D^X;i/?L3 2«:«iL/c#— F 1 2#f&ifcS*l, C 
n63&*4ffl»»S*iT, II (a) fc^Ufc:?^*^- • 
t-7JM>^^s ^ K'; F (*7-^? F) 10^ 

^■j3>>)x^i5 (^i(b)#M) ±tc^^-r^>o 

20 [004 1 ]^ ±iaov^^fla<D^RM«N i , c 
*«1UEB1 0 0efif#6ti4. 20-40// 
OT©*«at7X ^ %$&m? Z> c <t x+ftx& £ e 

[0 0 4 2 ] C©<fc5CC, 4?UCD# ^FW^* 

~> — <<y F 1 0%*:S Visv$fcffl&?2>ZL}&, ±£E 

30 [0 043] CC^t^ ^x^(DJKlt«$ti^ 0 

^ut, mm^tiKDtt^-^v f i o^^s-r^c 

[0 044] CCOfJ'y F 1 o«, En^tc|^Lr» 

S^JR-7-2 2^En^1t$R«:jS0r3SJRW«:iimsn, 

2^»l£T^^X^?L3 2^6^>^a^ttaiSti^o 

40 « -/ X;U?L<DSCc»j£r S -A* 2 <DBS9BTi!±ffi § ti. 
iffiffiite B§^cofg<DSO A ^ ? t ts: ~> XW^ ?n^ e 
[0 04 5 ] £C*>-C\ XMiU/c^^— F10©« 

JJO* T , ««BR^ 2 2 ©JBflKC «*JJ (l<DX*3WB ^> $ ti 
Xl>Z> 0 <£LX, C(DX*tCcfc^r. x*Jb=?-S5WS 

50 [0 046 1 i3tt *JliS©fl5SSK:*5^S*^-^f 
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F 1 0*8fi-r&Xfl2tCfcl>TJBflE3tiS«<fta j F-2 

(a),(b),(c) *#JSnJtettJ:5K: % @2Ca),Cb) f (c) K 
5^0A:«fiJtiBI-©S»CCW, B2(a),(b),(c) <tp- 

[0 04 7 ] *SaS(DJBSSK:fcW41^-^^^>^^* 

? h^? f — F) ©Rjficcfei^r, $fe-riujs 
ifcxg2t«. a3tc^*r^^tc, awRj^aasjiscccfc 

OTa-S i -0^6&4*Jck*7 0 0 0 A<DJ1#<DJ6 
ta*B*«2)l»jS'Cja;jRStiS. JScc<E>±«:«ffiR# 10 

=Hlifi©JS!SttJ»«:« 40umx40M m(D«jR» 2 2 © 

[0048] ±iB2 H*JS©JS!a#ROTWOT a - S 
i -OJ12 2 a 9 10Ta-Si -OJB) £±$KDT 
a-S i - OS 2 2 b (Jg2<DTa-S i - OH) it 
«, ±SB©Ta -S i -0JB2 2 b<O^TW©Ta- 
S i -OI22 actO 4>S i ©«£aW>tt < MStit 
t^o TaiSKD^tk^Ta/Siii 20 

*rr<t <JKTH!«> r_h*pjicDTa/s i j > r TSBJl 
(DTa/S i J ittot^S. 
[0 04 9] C©«Jft*JgjaS-&4fc«)«:tt, 

tctRorti*. *^?*«H*JBt»t> t£p 

0»l)l@2 2a{t Ta«iC0fSOMCDS i ^a^jA 
A,tc$-?v bZ&mb (WAtf^WttTa : S i = 
3:1), ft£/fF<9£ 1 x l 0" 6 To r r kTRtgffil 

0 , C^?>4 0 0'a »£L<fci*2 0 0 o C<hU floffi 
HilgS: 1 5A/m i n*»6 4 OA/m in, W^K 30 
&m 2 0 A/m i n <h IT 3 6 0 0 Afl^CDif 3 KiUST 
i:^o<0«IUca ±3B<Dffr2JI@2 2 btt, » 
1J1B2 2 a±teJM©*-y* h (09*.tf*JHttT 
a : S i = 9 : 1) *fflC»"r* 1 JBB 2 2 a©BJ:D 
S i <DSte(D4>ftl,>fli*\ ±IB©J5H8«cifi6fclt»r 1 H 
g 2 2 a tmgiflrC 3 4 0 0 Agfi<DJ*3 (aSBT 4. 
SO. C<DXMlCto^X. A'*v$')>#mi)Z$£Z.2>Z 
ifccfcO, i6WTa-S i -om<D&aL*SE4l$1£ 

[0 05 0 ] C<D<£5K±SBJI2 2b<!:LtT95Jf 2 2 40 
a <fc 0 fc S i <D«^#*J>ft < T a ©»&©£l>B*JI5flS 

Lt&or, ^4 0 0'CT'i o^hiiiot-- * 

22l(CTaS iOR(DSBit{bfiM2 2 b- 1*5 1 
0 0 A«±5 0 OAttTOf ?t«$ti5o ±iB 
OTi-MItB, ±SPS2 2 bOTaCDfflJSht^A 
»l>*>6. 2 0 0*CgS<OT^-^SS"Cfc, ^Pi* 1 
0 »HB£i±3&>» titi3&#tx m 2 OKfklbPtV 6 ti 4. 
[005 1 ] -J5tCTa -Si- OOM^kKtt. 0 1 0 
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[0 05 2] _blB£><k ^ K 1 0 0AJ£Lh<DJV3 

«^»r*5it^S. */c, TWHi*2H«, S i 

©dWJt*3&sRft*ft:wc. *n-enia«ftTa-s i 

*MkUti>t, c©*tc*5i*r4>«JfeS2 2<bLTJBisa!i 

[0053] c©»^, ±aBH©aB^kKtm©au» 
kt a©«w**J*#c^*«:a!Ji*w^s < . cn/dt* 

K*CD^#l»Ta-S i -OB*Ebrc^©"C % AM 
ffilSR±(t t L X h ti 4 . 

[ 0 0 5 4 ] m 4 (a) , (b) \t % T a - S i - OBKD&M 

m (r--*) OT»©4bw*6ta^»k*«^«fc» 

CC, X (ESCA) CCcto r *BH©«J« 

«r«ceLfcis***-rHi , c**- JBWiffiW4 o o # c 1 o 

IMC^^^x*^-* T34 J ^6 r 2 0 J £ 

rs*u *s$4Ki«j^#^> hffi£ roj frh ri ooo 

0J (D±$t^ltl^, fit, 150(b) ttMtA&Bfft 
©SJJE^- 2X$>*). «W*CC^ -Y >r : > * - * 
±IBBia«: T3 4J T2 0J WMfiCttiH 
S*-?>Fffl* f 0j 3&>6 Tl 4 00 0J ©±^t^L/ 

[0055] PIS(a) CC^T<J: 5 tc, JRteafrttt, T 
a**©4fe-^i, Ta, OttRmotte&Tjtt 
4tV~9tfiU9i2ti2>. tit. RIBCb) fciSTcfcS 
CC, SStf&Smti, Taf#©4ff-^tt^t, Ta 

a o 5 aws^*sw4 f tr-^©9W*«, mmwa>4 

-oX^ZCttfiW&Xitc. 

[0 05 6)85(a),(b) t>, iiBiRiaccT a - S i 

- O^MM9Suf^k^^tt^<D^fc*iS^4/c^ 
tc, X«1TMS ( E S C A ) Cc J: o tgMcD«^ 
*9JffiL//ctt***rHt*&. EJEI(a) ttJIMMiHU© 
i^^-^^D, SI4^W>7 r >yx^;l/+*-^ r l 
10J*>6 T9 4J *-CtSL, ^ffitc«ffl^^^> hffl 
T0J ^6 T5000J ©±*"CS%LTC»4. *L/ 

-Y^^yx^^-iiiBPiaK: r l 1 0 j T9 
4j istso, ^#^«iiJS*^>hfii^ roj 

r 6 0 0 0 J Oi^tSLtl^c 

[ o o 5 7 ] (a) tc^r <k 5 ec, «yaaff-c», s 

i©2Ptt3t*e>©fi#«, Ta-SiiTaSiOx 
ROfSiOxT*iCi*Sltl>S. fit, BIH 

(b) cc**r<fc^6c, j»*aa»ttt. s i©tr-^*c*>i» 

ttt, S i O a «ct©W»tt<Dll»«cWk«iRI9©IS 
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&\m& s n-r\ *> t o mt it uft t> c t must? # 

/Co 

[0 0 5 8 ] 6U*6. T a - S i -0«-C©BWbtt. 

£>k, t a *««a:ii*»j5trntf • *o««<b3WHT 

•rSi^ffiStiS. t<Dtc&>. S i/Ta©ifl^£^fb 

[0 0 5 9 ]16tt Ta -S i -0©fflJSfc#Sft*5 
aa©H3* (Ta- S i - OH) K<fc£T~--;Mi5£ T 
~-;M£©ffiia* (mQcm) *7R"rB*-C*£. 

©£&*£ (Ta, Si, ocom^, *>i>%) % y~-jHf 

Ottlfi* iT--^«©«fa» (mQcm) , )SJS^a 

[0060] s*h## i ©«©*&*», mn<DD 

£*ei/Tl»*. htett. Ta«CC»f5£©a© 

s i *a«>^/cfe©*ttffluyt. xsmn* ixio 

"'To r rWT^Sf^b/c^ v T^=r>#;*£i3fi£fl: 

KiIKtt#J2 0 A/m i n r**.- fiflcSMbtt. 

[OOBlJJk. «H»#3 . 4&C>'5 tC^-THOJK 

ft:. C©«jB**rWBi«BUn>4. £-y?hcc 
Ta«fcWS©«©S i *?^*fil>fcfc©*rteJB 
L/Co »«fflffi»jaE0tf#. R6BliiK»ftl 0 0 A/m 
i nT£>£o *aJ&^{bte. jr-y? h[*i©S i ©Kte£ 

[0 0 6 2 ] M©7^-i*IiOCfc^T, 
f 1^2 ©l$f4©^{bM©Jl^&i. 5 0 AfUgr-^ 

0 . C © 6 fc&tfftBtf bR 4 ft o Tl> ft C> C £ 

[0 0 6 3 ] «H»-St3©Hf*tt. T a 

ht*^ TafcOSBfbL-CteO. TaSiW-y? 

bt U/cffiOHiSfto-Cl^. TaSiOBmt 
^-->a>li«Cca»ftiHi4*^"r©», 7^77^ 
r*4*>6±**.6*ia©-C, C©i^4#^3©f#fttt 

7^t**o/Co 

[0 0 6 4] ^or, i»4##4aa t 5©fflttt, 

tt»bR±ftoTt>4C±#«W0fc. 07te v _blB© 

imm^ 4 otmo * - & * ±m^t^t<om s # ft ©# 
•fis»*«rB"C**. bb««*Mc*>** 
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[0 06 5 ] 

*»«**j*r*fc»©Ta-s i -ofrfcft* 

JMMBS(til*T«IWI J: OiSi ©flUStbtf^S 
T a - S i - OH(C*flW SBfbK* 1 0 0 Afc*±©JI 

<tft£ 0 

[affloffimftiftw] 

[si] (a) tz—mn<mi&ictevz'y)i'*> : ?~<DV'~ 

[B2] (a) «if--7Jl/>r>^t?* ^ h^? F»S©« 
fiJ©Xg£^Vr¥ffi0<b»rM0, (b) WSXOIltSt 
20 ¥®0<t»rM0, (c) ^illtOIl^/WfliiBrS 
0-C&£ o 

[03] h 

[0 4 ] (a),(b)BTa-Si - OR©f»J&aiiiFtg©{b 
*B^«»<Z«^b*Xtt6*^»*ffi (ESCA)«:J: 
-oT»J5£L/ctS**5*TB (^©1) r£>£ 0 

[0 5] (a),(b) ttTa-Si - 0«©J»«tSHir«0<b 

^^wa^fbixaatB^jtffi (esca) kj; 

30 ^TBELtaBmiSTB (-€-©2) -C£>£„ 

[06] Ta-S i -0©JBflE*iRft*5«a©K*4 
(Ta-S i - OK) K«fc£T~~^M£7--;l4£© 
Ecta^ (mQcm) ^TSTBSr**. 
[07] WH*#4©WR©^-^ a :*«^^6©ai3 

[0 8] (a),(b),(c) tt-f P©#SMMR 
^©^ffi^Wft^^tttH-r^^^^TS, (d), 
(e) t (f) ^^^©^REWiSiaft^CcttHirSW 

RR©fc©^7n*rBr*s, 

40 [09] (a),(b) tt-f V^BOttHJCCflSa+^tf^-S/ 

a>^©«fii»«©iiS*«iawi«:SK-rB'r*^. 
[010] fi£*©^«i3R^©S^K<b!SIB«:«S;WK:^ 
■r0r*>-5 ft 

1 's/>;s>afi 

2 KNUR?- (AMf») 
2a Ta-Si-01 

2 b SBK^bB 

3 * y 7 <r *C 
50 4 * 'J 7 ^ ^ 
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